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a b s t r a c t

Objectives: To investigate effects of romosozumab treatment on disease activity and bone mineral
density (BMD) in patients with rheumatoid arthritis (RA) and severe osteoporosis in comparison with
effects of denosumab treatment.
Methods: A total of 50 women were enrolled in this study. The subjects were randomized equally into 2
groups: the romosozumab group or the denosumab group. Disease activity score in 28 joints (DAS28)-
erythrocyte sedimentation rate (ESR) and BMD at lumbar spine were evaluated.
Results: The percent changes (D) in the BMD values at 3 and 6 months for the lumbar spine were as
follows: romosozumab; 4.9% and 5.2%, denosumab: 2.3% and 3.2%. The DBMD for the lumbar spine at 3
months was significantly higher in the romosozumab group than in the denosumab group (P ¼ 0.044).
The DAS28-ESR at baseline, 3 and 6 months in the romosozumab group were 2.88, 2.60 (P ¼ 0.427) and
2.58 (P ¼ 0.588), respectively. The change from baseline in DAS28-ESR did not differ significantly be-
tween these 2 groups at any time point.
Conclusions: The present study revealed that romosozumab treatment is more effective than denosumab
treatment in increasing BMD of the lumbar spine at 3 months. Furthermore, the present study suggested
that romosozumab treatment has no effects on the disease activity of RA in patients with RA and severe
osteoporosis for 6 months.
© 2021 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Rheumatoid arthritis (RA) is an inflammatory disease in which
osteoporosis is a common comorbidity [1,2]. It is a risk factor for
fragility fracture due to decreased bone mineral density (BMD), the
use of glucocorticoids and the inflammatory disease itself [1,3e5].

Romosozumab is a humanized monoclonal antibody that binds
with and inhibits sclerostin; it has a dual effect of stimulating bone
formation and decreasing bone resorption [6,7]. Denosumab is a
fully humanmonoclonal antibody that specifically and avidly binds
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to human RANKL, leading to diminished survival and activation of
osteoclasts for bone resorption inhibition [8,9]. Romosozumab and
denosumab are currently used in the treatment of postmenopausal
osteoporosis [7,10e13]. Romosozumab treatment significantly
increased bone volumes of vertebral body, knee, and ankle in mice
model of RA compared with the control mice [14]. However, effi-
cacy of romosozumab treatment in patients with RA is unclear in
BMD. In contrast, previous studies indicated that denosumab
treatment in patients with RA was effective for increasing BMD at
the lumbar spine and hip [15,16].

The determination of the levels of cytokine, tumor necrosis
factor (TNF)-a, and interleukin-6 in the peripheral blood and
synovium is generally conducted for patients with RA. Human TNF-
a transgenic mice (hTNFtg mice) with constitutive overexpression
of human TNF-a leads to the development of an RA-like destructive
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arthritis, for which anti-sclerostin antibody treatment may lead to
the worsening of clinical RA outcomes under chronic TNF-a
dependent inflammatory conditions [17]. Therefore, romosozumab
treatment may exacerbate the disease activity in RA. Denosumab
treatment in patients with RA had no effect on RA disease activity
[15,16].

Hence, the effect of romosozumab treatment on the BMD and
disease activity in patients with RA is unclear. The aim of the pre-
sent study is to clarify the effects of romosozumab treatment on the
BMD and disease activity in patients with RA and severe osteopo-
rosis when compared with the effects of denosumab treatment
during early phase.

2. Methods

2.1. Study design

This study investigated the clinical course and background
variables of patients with RA who fulfilled the American College of
Rheumatology (ACR) classification criteria (1987) and the ACR/Eu-
ropean League against Rheumatism criteria [18,19], as well as had a
dual-energy X-ray absorptiometry (DXA) T-score of � �2.5 at the
lumbar spine, total hip, or femoral neck along with a previous
fragility fracture, or T-score of � �3.3 at the lumbar spine, or
vertebral fractures � 2. This study enrolled 50 postmenopausal
women with RA from May 2019 to March 2020 who were ran-
domized equally by the clinical trial center of our institution into 2
groups: romosozumab group (210 mg dose/month via subcutane-
ous injection [SC]) or denosumab group (60 mg dose/6 months via
SC). All patients were instructed to take 0.5e0.75 mg of eldecalcitol,
an active vitamin D3 analog, daily. Patients who had hypocalcemia,
cardiovascular disease, and severe chronic kidney disease were
excluded from study. This study was an open-label, randomized,
pilot study. This study was approved by the ethical review board of
this institution (TGE1220-064) and followed the Declaration of
Helsinki. All patients agreed to participate in the study and pro-
vided written informed consent.

2.2. Study assessments

The clinical assessments recorded C-reactive protein (CRP), and
the disease activity score in 28 joints (DAS28)-erythrocyte sedi-
mentation rate (ESR) at the baseline, and at 3 and 6 months. The
BMDs of the lumbar spine (L1-L4), total hip and femoral neck were
measured by DXA (Prodigy; GE Healthcare, Madison, WI, USA) at
the baseline, and at 3 and 6 months. The bone turnover makers of
procollagen type I N-terminal propeptide (PINP) and tartrate-
resistant acid phosphatase-5b (TRACP-5b) were recorded at base-
line and at 3 and 6 months.

The primary endpoint included a comparison between romo-
sozumab and denosumab groups in the change from the baseline
(D) BMD at the lumbar spine, total hip, and femoral neck at 3 and 6
months. The secondary endpoint included comparisons between
the romosozumab and denosumab groups for DDAS28-ESR in the
romosozumab group at 3 and 6 months. The DAS28-ESR is a stan-
dard measurement of disease activity in RA [20].

2.3. Statistical analysis

The data analyses were performed using an observed case
analysis. Comparisons between the romosozumab and denosumab
groups in term of the patients' age, body weight, biological disease-
modifying anti-rheumatic drugs use, methotrexate use, glucocor-
ticoid use, rheumatoid factor positivity, CRP, DAS28-ESR, Health
Assessment Questionnaire Disability Index, the estimated
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glomerular filtration rate calculated by creatinine, serum calcium
level, prior osteoporosis treatment, the number of vertebral frac-
tures, T-score, and turnover markers at baseline, and DBMD, and
DDAS28-ESR level at 3 and 6 months were performed using the
Mann-Whitney U test and Fisher's exact test, when appropriate.
The DBMD at 3 and 6months, and DDAS28-ESR level were analyzed
by paired t test. A P-value of < 0.05 denoted statistical significance.

3. Results

3.1. Baseline patient characteristics

The baseline demographics and clinical characteristics in the
romosozumab and denosumab groups are summarized in Table 1.
The T-score in the femoral neck of the romosozumab group was
significantly lower than that of the denosumab group.

3.2. Comparison between the romosozumab and denosumab
groups for DBMD at lumbar spine, total hip, and femoral neck

The DBMD values at 3 and 6 months in the romosozumab group
were significantly increased by 4.9% ± 4.7% (P < 0.001) and
5.2% ± 7.3% (P¼ 0.013) for the lumbar spine; 1.0% ± 3.7% (P¼ 0.294)
and 1.9% ± 3.2% (P ¼ 0.038) for the total hip; and 1.1% ± 4.6%
(P ¼ 0.335), and 1.8% ± 3.6% (P ¼ 0.226) for the femoral neck from
the baseline, respectively. The DBMD values at 3 and 6 months in
the denosumab group were significantly increased by 2.3% ± 4.3%
(P ¼ 0.066) and 3.2% ± 3.6% (P ¼ 0.014) for the lumbar spine;
1.4% ± 2.6% (P¼ 0.072) and 1.8% ± 2.3% (P¼ 0.007) for the total hip;
and 0.7% ± 4.3% (P ¼ 0.728) and 2.3% ± 3.3% (P ¼ 0.046) for the
femoral neck from baseline, respectively (Fig. 1). The DBMD for the
lumbar spine at 3 months in the romosozumab group was signifi-
cantly higher than that in the denosumab group (P ¼ 0.044). The
DBMD for total hip and femoral neck did not differ significantly
between these 2 groups at any time point.

3.3. Changes in bone turnover markers levels

The changes from baseline in the romosozumab group were
116.5% ± 229.1% at 3 months and 106.9% ± 245.8% at 6 months for
P1NP; and �30.7% ± 45.2% at 3 months and �21.5% ± 56.1% at 6
months for TRACP-5b, respectively. The changes from baseline in
the denosumab group were �47.4% ± 26.9% at 3 months
and �43.4% ± 29.7% at 6 months for P1NP; and �63.6% ± 25.8% at 3
months and�49.4% ± 27.8% at 6months for TRACP-5b, respectively.

3.4. Clinical fracture

The clinical fracture was vertebral fracture in 1 patient in the
denosumab group. In the romosozumab group, there was no clin-
ical fracture.

3.5. Comparison between the romosozumab and denosumab
groups for disease activity

The DDAS28-ESR at 3 and 6 months in the romosozumab group
were �0.25 ± 0.58 and �0.17 ± 0.58 and that in the denosumab
group were 0.07 ± 0.53 and 0.00 ± 0.78, respectively (Fig. 2). The
DDAS28-ESR did not differ significantly between these 2 groups at
any time point.

3.6. Safety

The retention rates in the romosozumab and denosumab groups
were 72.0% and 96.0% at 6 months. In the romosozumab group,



Table 1
Comparison of patient characteristics between the romosozumab and denosumab groups at baseline.

Variables; median (Q1, Q3) Romosozumab group (n ¼ 25) Denosumab group (n ¼ 25) P-value

Age, yr 74 (70, 80) 73 (68, 77) 0.497
Disease duration, yr 10 (5, 16) 11 (6, 17) 0.606
Height, cm 151.5 (147, 156) 152.0 (146.5, 154) 0.711
Body weight, kg 47.9 (43, 54) 51.4 (45, 54.6) 0.593
bDMARD use, n (%) 15 (60) 14 (56) 1.000
MTX use, n (%) 16 (64) 13 (52) 0.567
Glucocorticoid use, n (%) 5 (20) 6 (24) 1.000
RF positive, n (%) 15 (60) 18 (72) 0.551
CRP, mg/dL 0.16 (0.03, 0.69) 0.06 (0.04, 0.15) 0.122
DAS28-ESR 2.68 (2.05, 3.52) 2.75 (2.22, 3.5) 0.769
HAQ-DI 0.25 (0, 1) 0.375 (0, 0.5) 0.902
Cr-eGFR, mL/min/1.73m2 68.3 (57, 75.4) 61.3 (20.275, 77.55) 0.503
Serum calcium level, mg/dL 9.4 (9.2, 9.6) 9.3 (9, 9.55) 0.084
Prior osteoporosis treatment, n (%) 11 (44) 13 (52) 0.572
Bisphosphonates, n (%) 8 (32) 9 (36)
SERM, n (%) 1 (4) 1 (4)
Active vitamin D3 analog, n (%) 0 (0) 3 (12)
Oral calcium, n (%) 2 (8) 0 (0)

Prevalent vertebral fractures, n (%) 14 (56) 14 (56) 1.000
T-score in lumbar spine �2.1 (�2.9, �1.1) �1.8 (�2.5, �1.1) 0.560
T-score in total hip �1.9 (�2.9, �1.1) �2.2 (�2.3, �1.8) 0.814
T-score in femoral neck �3 (�3.4, �2.5) �2.7 (�2.9, �2.3) 0.047
P1NP, ng/mL 41.4 (25.7, 57) 35.5 (21.1, 46.55) 0.275
TRACP-5b, mU/dL 458 (302, 528) 368 (263, 451) 0.195

Q1, 25th percentile; Q3, 75th percentile; bDMARD, biological disease-modifying antirheumatic drug; MTX, methotrexate; RF, rheumatoid factor; CRP, C-reactive protein; DAS,
disease activity score; ESR, erythrocyte sedimentation rate; HAQ-DI, Health Assessment Questionnaire Disability Index; Cr-eGFR, estimated glomerular filtration rate
calculated by creatinine; SERM, selective estrogen receptor modulator; P1NP, N-terminal propeptide of type I procollagen; TRACP-5b, tartrate-resistant acid phosphatase-5b.

Fig. 1. The percent changes from the baseline in the bone mineral densities of the (a) lumbar spine, (b) total hip, and (c) femoral neck regions. Circle and solid line, romosozumab
group; triangle and dotted line, denosumab group.
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adverse events were joint pain, rash, nausea, headache, hyperten-
sion and itching in 2, 2, 1, 1, 1, and 1 patient, respectively. In the
denosumab group, adverse events were injection site reaction and
nausea in 1 and 1 patient, respectively.

4. Discussion

The present study revealed that romosozumab treatment is
more effective than denosumab treatment in patients with RA for
increasing BMD of the lumbar spine during the early phase.
Romosozumab and denosumab are currently used in the treatment
of postmenopausal osteoporosis. The romosozumab treatment of
postmenopausal osteoporosis increased 9.7%e13.1% at the lumbar
spine, 2.3%e6.8% at the total hip, and 2.1%e2.3% at the femoral neck
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at 6 months [10e12]. In the present study, the DBMD was 5.2% for
the lumbar spine, 1.9% for the total hip; and 1.8% for the femoral
neck at 6 months in the romosozumab group. We thus speculated
that the use of a steroid could be one of the reasons for the dif-
ference in these results. In patients with early RA, treatment with
methyl-prednisolone resulted in a decrease in the sclerostin level
[21]. Similarly, glucocorticoid suppressed the sclerostin level in
human mesenchymal cells lines. Moreover, patients with RA who
were administratedwith glucocorticoid showed lower serum levels
of sclerostin when compared to the healthy controls [22]. In com-
parison between romosozumab and denosumab groups, the
romosozumab group showed significantly increased BMD in the
lumbar spine at 3 months. To date, no studies have comparatively
examined the effects on BMD by romosozumab and denosumab



Fig. 2. Changes in disease activity score in 28 joints (DAS28)-erythrocyte sedimenta-
tion rate (ESR). Circle and solid line, romosozumab group; triangle and dotted line,
denosumab group.
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treatments. In a previous comparative study on romosozumab and
alendronate in postmenopausal women, increased BMD was
recorded in the lumbar spine at 12 months of romosozumab and
alendronate treatments (13.7%e14.0% and 5.0%e5.8%, respectively)
[13,23]. In a previous comparative study between denosumab and
alendronate treatment effects in postmenopausal women,
increased BMD in the lumbar spine with denosumab and alendr-
onate treatments were 5.3% and 4.2% at 12 months, and 9.1% and
7.5% at 24 months, respectively [24,25]. The changes of bone
turnover markers levels in this study were similar to the previous
reports [11,12,23]. The P1NP increased rapidly and the TRACP-5b
decreased continuously in the romosozumab group. This mecha-
nism is involved in early increasing BMD. Based on these results,
treatment with romosozumab showed more effectiveness in
increasing the BMD in the lumbar spine than treatment with
denosumab. Hence, we believe that our present results revealed
this speculation in patients with RA and severe osteoporosis.

The present study revealed no effect of romosozumab treatment
on the disease activity of patients with RA. Moreover, the change of
DAS28-ESR did not differ significantly between the romosozumab
and denosumab groups at 3 and 6 months. Wehmeyer et al [17]
reported that in hTNFtg mice, antibody-mediated inhibition of
sclerostin leads to an acceleration of RA disease. In addition, Singh
et al [26] reported that the serum sclerostin level correlated with
the disease activity, CRP, and ESR in patients with RA. Based on our
results, the romosozumab treatment in patients with RA did not
adversely affect the disease activity. In the present study, several
patients had low disease activity. We thus believe that
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romosozumab treatment in patients with RA has no effect on the
disease activity, although this result may be derived because of the
low serum sclerostin level or TNF-a level.

This study has some limitations. First, the sample size was small
and the study duration was short due to a pilot study. Second, we
did not evaluate the 10-year probability of fracture of hip andmajor
osteoporotic fractures using FRAX. Third, in this study, the patients
showed relatively suppressed disease activity with treatment.
Therefore, it remains unclear if similar results as in this study can be
obtained in patients with high disease activity. Finally, we could not
evaluate the levels of serum sclerostin or TNF-a. Therefore, a pro-
spective study would be necessary to determine the effect of
romosozumab in larger samples sizes and with longer treatment
period of treatment. We believe that the present study provides
important insights for future researches.

5. Conclusions

The present study is the first study to evaluate the comparison
between romosozumab and denosumab treatments in patients
with RA and severe osteoporosis. The present study revealed that
romosozumab treatment is more effective than denosumab treat-
ment in increasing BMD of the lumbar spine, and romosozumab
treatment has no effects on the disease activity of RA in patients
with RA who have suppressed disease activity and severe osteo-
porosis in the early phase. Romosozumab treatment should be
considered to increase the BMD in the lumbar spine. Consequently,
a better understanding of romosozumab treatment for patients
with RA and severe osteoporosis is important in the clinical
practice.
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